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Field of the Invention 
5 The present invention relates to pulse modulation 

circuitry which modulates the frequency of a pulsed signal. 



Background of the Invention 

When related art pulse modulation circuitry receives a 

10 pulsed signal from a pulse applying terminal and also receives 
a local oscillation signal LO from a local oscillation wave 
input terminal, an anti-parallel diode pair included in the 
related art pulse modulation circuitry mixes the pulsed signal 
and local oscillation signal LO, and outputs a pulsed signal 

15 having a frequency twice the frequency of the local oscillation 
signal LO to an RF terminal (refer to the following patent 
reference 1 ) . 

[Patent reference 1 ] JP, 2000-338233 , A ( see pages 6 to 7 and Fig. 
1) 

20 While the related art pulse modulation circuitry 

constructed as mentioned above can output a pulsed signal having 
a frequency twice the frequency of the local oscillation signal 
LO to the RF terminal, a problem with the related art pulse 
modulation circuitry is, however, that since noise of tens of 

25 mV is superimposed onto the pulsed signal applied to the pulse 
applying terminal when the pulsed signal has a voltage close 
to zero bolts, it is necessary to set the output power of the 
pulsed signal outputted to the RF terminal at a time when it 
is put in the OFF state to higher one in order to avoid the 

30 influence of the noise, and therefore the ratio of the output 



2 

power of the pulsed signal outputted to the RF terminal at the 
time of the ON state and the output power at the time of the 
OFF state becomes small. 

The present invention is made in order to solve the 
5 above-mentioned problem, and it is therefore an object of the 
present invention to provide pulse modulation circuitry which 
can increase the ratio of the output power of a pulsed signal 
outputted to an RF terminal at the time of the ON state and the 
output power at the time of the OFF state. 

10 

Disclosure of the Invention 

Pulse modulation circuitry in accordance with the present 
invention includes a voltage dividing means for dividing a 
voltage applied to a mixing means for mixing a pulsed signal 
15 delivered thereto from a branching means, and a local 
oscillation signal. Therefore, the ratio of the output power 
of a pulsed signal outputted to a pulse output terminal at the 
time of the ON state and the output power at the time of the 
OFF state can be increased. 

20 

Brief Description of the Figures 

Fig. 1 is a block diagram showing pulse modulation 
circuitry in accordance with embodiment 1 of the present 
invention; 

25 Fig. 2 is a graphical representation showing a 

relationship between an applied voltage of a DC pulsed signal, 
and the output power of an RF pulsed signal; 

Fig. 3 is a diagram showing the equivalent circuit of an 
anti-parallel diode pair; 

30 Fig. 4 is a graphical representation showing the phase 
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of a second harmonic; 

Fig. 5 is a block diagram showing pulse modulation 
circuitry in accordance with embodiment 2 of the present 
invention; 

5 Fig. 6 is a block diagram showing pulse modulation 

circuitry in accordance with embodiment 3 of the present 
invention; 

Fig. 7 is a block diagram showing pulse modulation 
circuitry in accordance with embodiment 4 of the present. 
10 invention; 

Fig. 8 is a block diagram showing pulse modulation 
circuitry in accordance with embodiment 5 of the present 
invention; 

Fig. 9 is a graphical representation showing 
15 characteristics in a case where a diode is connected in series; 

Fig. 10 is a block diagram showing pulse modulation 
circuitry in accordance with embodiment 6 of the present 
invention; 

Fig. 11 is a block diagram showing pulse modulation 
20 circuitry in accordance with embodiment 7 of the present 
invention; 

Fig. 12 is a block diagram showing pulse modulation 
circuitry in accordance with embodiment 7 of the present 
invention; and 

25 Fig. 13 is a block diagram showing pulse modulation 

circuitry in accordance with embodiment 8 of the present 
invention. 

Preferred Embodiments of the Invention 
30 Hereafter, in order to explain this invention in greater 
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detail, the preferred embodiments of the present invention will 
be described with reference to the accompanying drawings. 
Embodiment 1 . 

Fig. 1 is a block diagram showing pulse modulation 
5 circuitry in accordance with embodiment 1 of the present 
invention. In the figure, a low pass filter (referred to as 
an LPF from here on) 2 receives a DC pulsed signal (a pulsed 
signal) applied to a DC pulse applying terminal 1, removes an 
unnecessary wave component from the DC pulsed signal, and 

10 outputs a pulse component to an anti-parallel diode pair 5. A 
band pass filter (referred to as a BPF from here on) 4 receives 
a local oscillation signal LO applied to a local oscillation 
wave input terminal 3, removes an unnecessary wave component 
from the local oscillation signal LO, and outputs the local 

15 oscillation signal from which the unnecessary wave component 
is removed to the anti-parallel diode pair 5. 

The anti-parallel diode pair 5 includes two diodes 5a and 
5b which are connected in parallel with and opposite in 
direction to each other, and constitutes a mixing means for 

20 mixing the local oscillation signal LO from which the 
unnecessary wave component is removed by the BPF 4, and the DC 
pulsed signal from which the unnecessary wave component is 
removed by the LPF 2, so as to generate and output an RF pulsed 
signal (a pulsed signal) having a frequency twice (even times) 

25 the frequency of the local oscillation signal LO to a BPF 6. 

The BPF 6 allows only the RF pulsed signal delivered 
thereto from the anti-parallel diode pair 5 to pass therethrough, 
and outputs it to an RF pulse output terminal 7. A branching 
means is provided with the LPF 2 and BPFs 4 and 6 . 

30 A resistor 8 is disposed between the DC pulse applying 



5 

terminal 1 and the LPF 2, and constitutes a voltage dividing 
means for dividing a voltage applied to the anti-parallel diode 
pair 5. 

Next, the operation of the pulse modulation circuitry in 
5 accordance with this embodiment of the present invention will 
be explained. 

First, a DC pulsed signal applied to the DC pulse applying 
terminal 1 is delivered to the LPF 2, and the LPF 2 removes an 
unnecessary wave component from the DC pulsed signal and outputs 
10 the pulse component of the DC pulsed signal to the anti-parallel 
diode pair 5 . 

A local oscillation signal L0 applied to the local 
oscillation wave input terminal 3 is delivered to the BPF 4, 
and the BPF 4 removes an unnecessary wave component from the 
15 local oscillation signal LO and outputs it to the anti-parallel 
diode pair 5 . 

When the anti-parallel diode pair 5 receives the local 
oscillation signal LO from which the unnecessary wave component 
is removed by the BPF 4 and also receives the DC pulsed signal 

20 from which the unnecessary wave component is removed by the LPF2 , 
the anti-parallel diode pair 5 mixes the local oscillation 
signal LO and DC pulsed signal to generate and furnish an RF 
pulsed signal having a frequency twice the frequency of the 
local oscillation signal LO to the BPF 6. 

25 When receiving the RF pulsed signal from the 

anti-parallel diode pair 5, the BPF 6 allows only the RF pulsed 
signal to pass therethrough and outputs it to the RF pulse output 
terminal 7 . 

Hereafter, the operation of the anti-parallel diode pair 
30 5 will be concretely explained. Fig. 3 shows the equivalent 
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circuit of the anti-parallel diode pair 5. 

For example, when a local oscillation signal LO of a 
frequency of CJl is input to the local oscillation wave input 
terminal 3, for the local oscillation signal LO of a frequency 
5 of col , the grounded end of the anti-parallel diode pair 5 seems 
to be open-circuited, as shown in Fig. 3(a), and the other end 
of the anti-parallel diode pair 5 which is connected to the BPFs 
4 and 6 seems to be short-circuited. 

Therefore, noting that the diodes 5a and 5b of the pair 

10 are connected opposite in direction to each other, the component 
of a frequency of CJl is applied to each of the diodes 5a and 
5b such that the direction of the component applied to the diode 
5a is opposite to that of the component applied to the diode 
5b, and a component of a frequency of 2 O) I which is an 

15 eventh-order harmonic is applied to each of the diodes 5a and 
5b such that the component of a frequency of 2 0J1 applied to 
the diode 5a is in phase with the component of a frequency of 

2U)1 applied to the diode 5b. 

Fig. 4(a) shows the phase of the second harmonic of the 
20 signal which is half-wave rectified by the diode 5a, and Fig. 
4(b) shows the phase of the second harmonic of the signal which 
is half-wave rectified by the diode 5b connected opposite in 
direction to the diode 5a. 

As can be seen from the figures, the second harmonic 
25 outputted from the diode 5a is in opposite phase with the second 
harmonic outputted from the diode 5b. 

On the other hand, for the local oscillation signal LO 
of a frequency of CJr which is about twice the frequency OJl, 
the grounded end of the anti-parallel diode pair 5 seems to be 
30 short-circuited, as shown in Fig. 3(b), and the other end of 



7 

the anti-parallel diode pair 5 which is connected to the BPFs 
4 and 6 seems to be open-circuited. 

Therefore, since a component of a frequency (cur-2cul) 
which is the DC pulsed signal appears at each of the diodes 5a 
5 and 5b connected opposite in direction so that the component 
of a frequency (CJr-2oJl) applied to the diode 5a is in opposite 
phase with the component of a frequency (a;r-2aJl) applied to 
the diode 5b , they can be added and extracted from the diodes 
5a and 5b. 

10 Since the components of a frequency of 2 GUI generated by 

the diodes of the anti-parallel diode pair 5 are in opposite 
phase with each other at the RF pulse output terminal 7, no 
component of a frequency of 2 6dl leaks from the RF pulse output 
terminal 7 . 

15 Although it is understood from the above explanation that 

an RF pulsed signal having a frequency twice the frequency of 
the local oscillation signal, the RF pulsed signal being an 
oddth-order harmonic, is outputted from the RF pulse output 
terminal 7 , since the resistor 8 is disposed between the DC pulse 

20 applying terminal 1 and the LPF 2, the voltage applied to the 
anti-parallel diode pair 5 can be set to an arbitrary voltage 
by properly adjusting the resistance of the resistor 8. 

The horizontal axis of Fig. 2 shows the voltage of the 
DC pulsed signal (i.e., the voltage applied to the DC pulse 

25 applying terminal 1 ) , and the vertical axis shows the output 
power of the RF pulsed signal . As the resistance of the resistor 
8 is increased, the applied voltage which maximizes the output 
power of the RF pulsed signal is increased. 

Therefore, when the resistance of the resistor 8 is 

30 increased in consideration of the fact that the influence of 
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noise superimposed onto the applied voltage is large when the 
applied voltage is small, the ratio of the output power of the 
RF pulsed signal at the time of the ON state and the output power 
at the time of the OFF state can be increased. 

5 Since neither the local oscillation signal LO nor the RF 

pulsed signal contributes to the resistor 8, the installation 
of the resistor 8 has no influence on the RF characteristics. 

As can be seen from the above description, in the pulse 
modulation circuitry in accordance with this embodiment 1, the 

10 resistor 8 for dividing the voltage applied to the anti-parallel 
diode pair 5 which mixes the DC pulsed signal and local 
oscillation signal LO is disposed. Therefore, the present 
embodiment offers an advantage of being able to enlarge the 
ratio of the output power of the RF pulsed signal outputted to 

15 the RF pulse output terminal 7 at the time of the ON state and 
the output power at the time of the OFF state. 

In a case where a variable resistor is used as the resistor 
8, even when a driver circuit not shown changes properly the 
voltage of the DC pulsed signal applied to the DC pulse applying 

20 terminal 1 of the pulse modulation circuitry, the pulse 
modulation circuitry can adjust the voltage applied to the 
anti-parallel diode pair 5 properly according to the voltage 
of the DC pulsed signal. 

25 Embodiment 2 . 

Fig. 5 is a block diagram showing pulse modulation 
circuitry in accordance with embodiment 2 of the present 
invention. In the figure, since the same reference numerals 
as shown in Fig. 1 denote the same components as those of 

30 embodiment 1 or like components, the explanation of the 



components will be omitted hereafter. 

A parallel circuit including a resistor 10 and a capacitor 
11 constitutes a voltage dividing means, and is installed 
between an anti-parallel diode pair 5 and a ground. 

Next, the operation of the pulse modulation circuitry in 
accordance with this embodiment of the present invention will 
be explained. 

The pulse modulation circuitry in accordance with 
above-mentioned embodiment 1 includes the resistor 8 for 
dividing the voltage applied to the anti-parallel diode pair 
5, as previously mentioned. In contrast, in accordance with 
this embodiment, the resistor 10 of the parallel circuit can 
divide the voltage applied to the anti-parallel diode pair 5. 
Therefore, this embodiment can provide the same advantages as 
offered by above-mentioned embodiment 1. 

Since both a local oscillation signal LO and an RF pulsed 
signal pass through the capacitor 11 and do not contribute to 
the resistor 10 , the installation of the resistor 10 has no 
influence on the RF characteristics. 

Embodiment 3 . 

In accordance with above-mentioned embodiment 2, the 
parallel circuit which consists of the resistor 10 and capacitor 
11 is disposed between the anti-parallel diode pair 5 and the 
ground, as previously mentioned. In contrast, in accordance 
with this embodiment, a parallel circuit which consists of a 
resistor 10 and a capacitor 11 is disposed between a connecting 
point at which BPFs 4 and 6 are connected to each other, and 
an anti-parallel diode pair 5, as shown in Fig. 6. Therefore, 
this embodiment can provide the same advantages as offered by 
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above-mentioned embodiment 2 • 
Embodiment 4 . 

Fig. 7 is a block diagram showing pulse modulation 
5 circuitry in accordance with embodiment 4 of the present 
invention. In the figure, since the same reference numerals 
as shown in Fig. 1 denote the same components as those of 
embodiment 1 or like components, the explanation of the 
components will be omitted hereafter. 

10 A resistor 12 is disposed between a DC pulse applying 

terminal 1 and a ground, for suppressing an impedance mismatch 
for a DC pulsed signal applied to the DC pulse applying terminal. 
Next, the operation of the pulse modulation circuitry in 
accordance with this embodiment of the present invention will 

15 be explained. 

In above-mentioned embodiment 1, the resistor 8 divides 
the voltage applied to the anti-parallel diode pair 5 , as 
previously mentioned. When the DC pulsed signal has a narrow 
pulse width, it has a very-high-frequency component for a pulse 

20 wave . 

Therefore, the method of dividing the voltage applied to 
the anti-parallel diode pair 5 using the resistor 8 can make 
the impedance from the DC pulse applying terminal 1 become very 
large, and can cause an impedance mismatch. 
25 To solve this problem, in accordance with this embodiment 

4, the resistor 12 is disposed between the DC pulse applying 
terminal 1 and the ground so as to suppress the impedance 
mismatch for the DC pulsed signal. 

This embodiment 4 offers an advantage of being able to 
30 suppress the impedance mismatch over the DC pulsed signal in 
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addition to the same advantages as provided by above-mentioned 
embodiment 1 . 

In this embodiment 4, the resistor 12 is additionally 
disposed in the pulse modulation circuitry of Fig. 1, as 
5 mentioned above. The resistor 12 can be additionally disposed 
in the pulse modulation circuitry of Fig. 5 or 6 . 

Embodiment 5 . 

The pulse modulation circuitry in accordance with 

10 above-mentioned embodiment 1 includes the voltage dividing 
means which consists of the resistor 8, while the pulse 
modulation circuitry in accordance with above-mentioned 
embodiment 2 includes the voltage dividing means which consists 
of the parallel circuit including the resistor 10 and capacitor 

15 11 , as previously mentioned. In accordance with this 
embodiment, the voltage dividing means consists of a series 
circuit in which a diode 13 is connected in series with a resistor 
8 (or 10), as shown in Fig. 8. 

In the above-mentioned embodiment 1, as shown in Fig. 2, 

20 in order to raise the ratio of the output power of the RF pulsed 
signal at the time of the ON state, and the output power at the 
time of the OFF state, it is desirable to increase the resistance 
of the resistor at the time of the OFF state and to set the 
resistance of the resistor at the time of the ON state so that 

25 the output power of the RF pulsed signal can be maximized with 
a desired voltage being applied to the DC pulse applying 
terminal . 

Therefore, in accordance with this embodiment 5, the 
diode 13 is connected in series with the resistor 8 (or 10). 
30 Fig. 9 shows characteristics in the case the diode 13 is 
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connected in series with the resistor 8 (or 10), and, in this 
case, the resistance of the series circuit placed in a state 
in which no voltage is applied to the DC pulse applying terminal 
1, i.e., in the OFF state becomes equal to "the resistance of 
the resistor 8 (or 10)" + "the resistance of the diode 13 at 
the time of the OFF state", and has a very large value. 

On the other hand, the resistance of the series circuit 
placed in a state in which a voltage is applied to the DC pulse 
applying terminal 1, i.e. , in the ON state becomes equal to "the 
resistance of the resistor 8 (or 10)" + "the resistance of the 
diode 13 at the time of the ON state". In this case, since the 
resistance of the diode 13 at the time of the ON state is 
typically of order of several ohms, the resistance of the series 
circuit has a value close to that of the resistor 8 (or 10). 

Therefore, this embodiment offers an advantage of being 
able to further raise the ratio of the output power of the RF 
pulsed signal at the time of the ON state, and the output power 
at the time of the OFF state. 

Embodiment 6 . 

Fig. 10 is a block diagram showing pulse modulation 
circuitry in accordance with embodiment 6 of the present 
invention. In the figure, since the same reference numerals 
as shown in Fig. 1 denote the same components as those of 
embodiment 1 or like components, the explanation of the 
components will be omitted hereafter. 

A one-quarter wavelength open-ended stub 21 has an 
electric length equal to the one-quarter wavelength of a local 
oscillation signal LO, and has an end which is open-circuited. 
A one-quarter wavelength short-ended stub 22 has an electric 
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length equal to the one-quarter wavelength of the local 
oscillation signal LO, and has an end which is short-circuited. 
Next, the operation of the pulse modulation circuitry in 
accordance with this embodiment of the present invention will 

5 be explained. 

In above-mentioned embodiment 1, the branching means 
consists of the LPF 2 and BPFs 4 and 6, as previously mentioned. 
In contrast, in the pulse modulation circuitry in accordance 
with this embodiment, the branching means consists of an LPF 

10 2 and a BPF 6, and the one-quarter wavelength open-ended stub 
21 and one-quarter wavelength short-ended stub 2 2 are disposed 
so that a local oscillation signal LO is input into the pulse 
modulation circuitry via a connecting point between an 
anti-parallel diode pair 5 and the one-quarter wavelength 

15 short-ended stub 22. 

Also in this case, the anti-parallel diode pair 5 mixes 
the local oscillation signal LO and a DC pulsed signal so as 
to furnish an RF pulsed signal having a frequency twice that 
of the local oscillation signal LO to the BPF 6 based on the 

20 same principle as explained in above-mentioned embodiment 1. 

Since a resistor 8 is disposed between a DC pulse applying 
terminal 1 and the LPF 2, a voltage applied to the anti-parallel 
diode pair 5 can be set to an arbitrary one by adjusting the 
resistance of the resistor 8 properly, as in the case of 

25 above-mentioned embodiment 1 . 

Therefore, the present embodiment offers an advantage of 
being able to enlarge the ratio of the output power of the RF 
pulsed signal outputted to an RF pulse output terminal 7 at the 
time of the ON state and the output power at the time of the 

30 OFF state, like above-mentioned embodiment 1. 
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In a case where a variable resistor is used as the resistor 
8, even when a driver circuit not shown changes properly the 
voltage of the DC pulsed signal applied to the DC pulse applying 
terminal 1 of the pulse modulation circuitry, the pulse 
modulation circuitry can adjust the voltage applied to the 
anti-parallel diode pair 5 properly according to the voltage 
of the DC pulsed signal. 

Also in the case of this embodiment 6, since neither the 
local oscillation signal LO nor the RF pulsed signal contributes 
to the resistor 8, the installation of the resistor 8 has no 
influence on the RF characteristics. 

Embodiment 7 . 

The pulse modulation circuitry in accordance with 
above-mentioned embodiment 6 includes the resistor 8 for 
dividing the voltage applied to the anti-parallel diode pair 
5, as previously mentioned. In contrast, in accordance with 
this embodiment, a resistor 10 of a parallel circuit can divide 
the voltage applied to the anti-parallel diode pair 5, as shown 
in Fig. 11 or 12. This embodiment can provide the same 
advantages as offered by above-mentioned embodiment 6. 

Since the local oscillation signal LO and RF pulsed signal 
pass through a capacitor 11 of the parallel circuit and do not 
contribute to the resistor 10, the installation of the resistor 
10 has no influence on the RF characteristics. 

Embodiment 8 . 

In above-mentioned embodiment 6, the resistor 8 divides 
the voltage applied to the anti-parallel diode pair 5, as 
previously mentioned. When the DC pulsed signal has a narrow 
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pulse width, it has a very-high-frequency component for a pulse 
wave. 

Therefore, the method of dividing the voltage applied to 
the anti-parallel diode pair 5 using the resistor 8 can make 
the impedance from the DC pulse applying terminal 1 become very 
large, and can cause an impedance mismatch. 

To solve this problem, in accordance with this embodiment 
8, a resistor 12 is disposed between the DC pulse applying 
terminal 1 and the ground so as to suppress the impedance 
mismatch for the DC pulsed signal. 

This embodiment 8 offers an advantage of being able to 
suppress the impedance mismatch for the DC pulsed signal in 
addition to the same advantages as provided by above-mentioned 
embodiment 6 . 

In this embodiment 6, the resistor 12 is additionally 
disposed i n t he pulse modulation circuitry of Fig. 10, as 
mentioned above. The resistor 12 can be additionally disposed 
in the pulse modulation circuit of Fig. 11 or 12. 

Embodiment 9 . 

In above-mentioned embodiments 6 to 8 , the diode 13 is 
not connected in series with the resistor 8 (or 10), as 
previously mentioned. As an alternative, the diode 13 can be 
connected in series with the resistor 8 (or 10) of the pulse 
modulation circuitry of Fig. 10, 11, or 12, as in the case of 
above-mentioned embodiment 5. 

Therefore, the present embodiment offers an advantage of 
being able to enlarge the ratio of the output power of the RF 
pulsed signal at the time of the ON state and the output power 
at the time of the OFF state, like above-mentioned embodiment 
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5. 

Industrial Applicability 

As mentioned above, the pulse modulation circuitry in 
accordance with the present invention is suitable for a 
communications apparatus and a radar which need to modulate the 
frequency of a pulsed signal when, for example, transmitting 
or receiving the pulsed signal. 



